THE ROLE OF VISCOELASTICITY AND THE

SOL-GEL TRANSITION IN THE PHYSIOLOGICAL FUNCTION OF BIOLOGICAL FLUIDS
This dissertation comprises three parts. First, rheological studies of gelatin solutions were performed through the sol-gel transition as a function of concentration, pH and ionic strength. At the gel point, power-law frequency dependence of the viscoelastic functions G'(oJ), G"(o:), and 7"(o:) was observed. The power-law exponents n obtained from these dynamic measurements were confirmed by creep experiments. Under all conditions, the n values fall between 0.64 and 0.72, a range predicted both by a theoretical treatment by Martin et al. (2) based on percolation at the Rouse limit, and by a theory by Muthukumar et aL (3) for a Cayley tree.
Second, alginate sols and gels were used in a mechanical device (tube model) to simulate the role of viscoelasticity of the lining fluids on the airway reopening process. In contrast to earlier studies of Gaver et al., (1) which used Newtonian fluids, entangled sols or weak gels undergo transitions in the tube, causing either a sudden drop or a plateau in the reopening pressure. Normal upper airway secretions are likely to exhibit a sol-gel transition during the airway opening process, due to their strainsensitive structure. Simulations of airway reopening in the bronchial tree were made using viscoelastic functions typical of upper airway secretions. Our results suggest that factors which assist rapid reopening are: (a) fluids with small steady shear viscosities, but sufficient to hold the airway walls in apposition; (b) fluids with small surface tensions, high elasticities (i.e., low tan ~5), and strong shear-thinning behavior; (c) airways witlh larger radii coated with a thinner mucus layer; and (d) a mucus structure which is highly strain-sensitive.
Third, gels made of native collagen were used as a mechanical analog for the connective tissue of skin. Comparative experimental studies demonstrated that specific interactions of dermatan sulfate proteoglycans (DSPG) and hyaluronic acid (HA) with the collagen fibrils, as well as variations in the collagen fibril size distribution and the amount of elastin, can modify the viscoelastic behavior of the model collagen gels. The effects observed in the model system are in good correlation with the current Dissertation Abstracts available clinical observations on age-related changes in the mechanical properties of skin, which show progressive decreases in DSPG, HA, and elastin content.
Rats with intact vagal reflexes exhibit respiratory patterns containing greater degrees-of-freedom than those seen after vagotomy. To determine vagal-dependent mechanisms which might be responsible for this change in the dimension of breathing, two experimental protocols were employed to modify vagal feedback in tracheostomized, urethane-anesthetized rats while measuring airflow.
Protocol No. 1
So as to produce graded changes in lung volume, continuous positive (CPAP) and negative (CNAP) airway pressure was applied to tracheal openings of vagi-intact rats. With 'CPAP, respiratory oscillation was periodic and nearly one-dimensional. As CNAP was applied in a stepwise manner, transient bursts of premature inspiratory activity developed locally to the expiratory-inspiratory transition (E-I). These "expiratory interrupts" shift the oscillation toward inspiratory phase, producing highly variable patterns in a manner consistent with onset of lowdimensional chaos. Single fiber recordings of afferent vagus indicate that feedback from slowly adapting receptors sensitive to lung deflation is elicited with CNAP. In contrast to larger mammals, rats appear to rely strongly upon deflation reflexes for control of E-I phase-switching, presumably to aid in maintenance of an elevated endexpiratory volume.
Protocol No. 2
To evaluate processing of vagal afferent feedback by the respiratory central pattern generator (RCPG), brief electrical stimuli were applied to one affere,~t vagus of bilaterally vagotomized rats during every breath at varying phases of the respiratory cycle. Stimuli applied during early or late inspiration of every breath evoke highly predictable, one-dimensional responses: reversible (GI = graded inhibition) or irreversible (OS = off-switching) inhibition of inspiration, respectively. Stimulation during midinspiration produces higher-dimensional oscillations which wander with a chaotic motion over a continuum of GI and OS. Stimuli applied during late expiration produce chaotic E-I phase-switching similar to that seen with CNAP (Protocol No. 1).
Based upon experimental observations, a new mathematical model for respiratory phase-switching is proposed, which confines the respiratory trajectory to the interior of a heteroclinic orbit between saddle equilibria located at E-I and I-E. When feedback is included in the model, these equilibria possess complex eigenvalues; conditions are shown where feedback perturbs the symmetry of the oscillator, producing Silnikov bifurcations and inducing chaotic phase-switching similar to that seen experimentally.
Within this dynamical framework, it is our view that the medullary RCPG normally functions in a highly symmetric state when isolated from external events; its oscillation occurs over a single degree-of-freedom attractor near a stable heteroclinic orbit. Information from a noisy, perturbing environment is presented to the RCPG by a variety of feedback loops and modulates the distance from the respiratory pattern to its central heteroclinic orbit. In doing so, these signals do more than simply modulate timing and amplitude of the pattern; they provide additional degrees-of-freedom, altering the dynamic stability, topology, and symmetry of RCPG states in the process. As a consequence, new attractors appear within the respiratory phase space, and breath-to-breath dynamics are evidenced which would not otherwise be exhibited by the de-afferented RCPG studied in isolation. 
THREE-DIMENSIONAL HIGH RESOLUTION MAGNETIC RESONANCE IMAGING OF THE CORONARY ARTERIES
Coronary heart disease is a life-threatening illness, which is the leading cause of death in the U.S. Improved methods for early detection and monitoring of coronary heart disease are needed in the battle against this killer.
